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ABSTRACT
In 2016 we carried out a Swift monitoring program to track the X-ray hardness variability of eight type-I AGN over a year. The purpose
of this monitoring was to find intense obscuration events in AGN, and thereby study them by triggering joint XMM-Newton, NuSTAR,
and HST observations. We successfully accomplished this for NGC 3783 in December 2016. We found heavy X-ray absorption
produced by an obscuring outflow in this AGN. As a result of this obscuration, interesting absorption features appear in the UV and
X-ray spectra, which are not present in the previous epochs. Namely, the obscuration produces broad and blue-shifted UV absorption
lines of Lyα, C iv, and N v, together with a new high-ionisation component producing Fe xxv and Fe xxvi absorption lines. In soft
X-rays, only narrow emission lines stand out above the diminished continuum as they are not absorbed by the obscurer. Our analysis
shows that the obscurer partially covers the central source with a column density of few 1023 cm−2, outflowing with a velocity of few
thousand km s−1. The obscuration in NGC 3783 is variable and lasts for about a month. Unlike the commonly-seen warm-absorber
winds at pc-scale distances from the black hole, the eclipsing wind in NGC 3783 is located at about 10 light days. Our results suggest
the obscuration is produced by an inhomogeneous and clumpy medium, consistent with clouds in the base of a radiatively-driven disk
wind at the outer broad-line region of the AGN.
Key words. X-rays: galaxies – galaxies: active – galaxies: Seyfert – galaxies: individual: NGC 3783 – techniques: spectroscopic
1. Introduction
Accretion onto supermassive black holes (SMBHs) in active
galactic nuclei (AGN) is believed to be accompanied by out-
flows of gas, which couple the SMBHs to their environment.
The observed associations between SMBHs and their host galax-
ies, such as the M-σ relation (Ferrarese & Merritt 2000), point
to their co-evolution through a feedback mechanism. The AGN
outflows may play an important role in this feedback as they can
impact star formation, chemical enrichment of the intergalactic
medium, and cooling flows in galaxy clusters (e.g. review by
Fabian 2012). There are however significant gaps in our under-
standing of the outflow phenomenon in AGN.
Winds of photoionised gas (warm absorbers - WA) are com-
monly observed in bright AGN through high-resolution UV and
X-ray spectroscopy (e.g. Crenshaw et al. 1999; Blustin et al.
2005). They often consist of multiple ionisation components,
outflowing with velocities of typically few hundred km s−1.
From an observational point of view, other kinds of winds with
different properties from WAs have been found in the X-ray
band: high-ionisation ultra-fast outflows (e.g. PDS 456, Reeves
et al. 2009) and obscuring outflows (e.g. NGC 5548, Kaastra
et al. 2014). Compared to the commonWAs at pc-scale distances
from the black hole (e.g. Kaastra et al. 2012), the obscuring out-
flow found in NGC 5548 is a faster and more massive wind
closer to the accretion disk. It produces strong absorption of the
X-ray continuum, in addition to appearance of blue-shifted and
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broad UV absorption lines. X-ray obscuration with associated
UV line absorption has been seen also in Mrk 335 (Longinotti
et al. 2013) and NGC 985 (Ebrero et al. 2016). Variable X-ray
absorption is commonly found in type-I AGN; e.g. NGC 1365
(Rivers et al. 2015); PDS 456 (Matzeu et al. 2016); NGC 4151
(Beuchert et al. 2017); IRAS 13224-3809 (Parker et al. 2017).
However, the association to the UV broad-line absorbing out-
flows is unclear. Moreover, the physical connection between dif-
ferent kinds of AGN outflow, and their origin and driving mecha-
nism, are still poorly understood. In this study we aim to address
the nature and origin of an X-ray obscuration/eclipse through
UV/X-ray spectroscopy of the absorption during an eclipsing
event.
An efficient way to drive winds in quasars is via radiative ac-
celeration of the gas through UV line absorption (e.g. Proga &
Kallman 2004). However, intense X-ray radiation from the cen-
tral source can over-ionise the gas, leaving insufficient line opac-
ity to drive the wind. Shielding the UV-absorbing gas from the
X-rays by an obscuring medium near the X-ray source (like that
seen in NGC 5548) can prevent this. Thus, obscuration may play
an important role in driving AGN outflows. A statistical study
of X-ray variability by Markowitz et al. (2014) identifies obscu-
ration events in AGN using RXTE observations. They find 12
X-ray eclipses in 8 AGN, and compute the probability of finding
a type-I AGN undergoing obscuration is ∼1%. However, the ori-
gin, location, and physical properties of such eclipses are poorly
understood. It is also uncertain whether such eclipses are a mani-
festation of disk winds in general. In order to broaden our under-
standing of this phenomenon, we have conducted a Swift mon-
itoring program on a sample of type-I AGN to catch an obscu-
ration event and perform a ToO multiwavelength spectroscopic
study of it using XMM-Newton, NuSTAR, and HST COS.
2. Swift monitoring program and triggering of
XMM-Newton, NuSTAR, and HST observations
The X-ray spectral hardness variability is a useful indica-
tor of obscuration. We define the hardness ratio (HR) as
(H − S )/(H + S ), where H and S are the Swift XRT count
rates in the hard (1.5–10 keV) and soft (0.3–1.5 keV) bands,
respectively. X-ray absorption by obscuring/eclipsing gas in-
creases HR. During Swift Cycle 12 (April 2016–March 2017),
we monitored eight suitable type I AGN: Ark 564, MR 2251-
178, Mrk 335, Mrk 509, Mrk 841, NGC 3783, NGC 4593, and
NGC 7469. These AGN were observed weekly by Swift during
the corresponding visibility windows of the four observatories.
While most of the AGN displayed stable HR throughout the year,
only NGC 3783 (triggered by us) and Mrk 335 (triggered earlier
by another team) showed significant X-ray spectral hardening.
Figure 1 shows the Swift lightcurve of NGC 3783 from May
2016 to January 2017. In December 2016, we found an in-
tense X-ray spectral hardening event lasting for about 32 days.
During this period we successfully executed the triggering of
our XMM-Newton, NuSTAR, and HST observations (see Table
A.1 in Appendix A). Figure 2 (upper panel) shows the 2016
XMM-Newton EPIC-pn and NuSTAR spectra, as well as the time-
averaged EPIC-pn spectra from 2000 and 2001. Strong X-ray
absorption is evident in the new data (see also the RGS data in
Fig. 2, bottom panel), with the 0.3–2.0 keV flux dropping from
1.60 × 10−11 erg cm−2 s−1 in 2000–2001 by a factor of 8.0 (11
Dec 2016) and 4.5 (21 Dec 2016). This X-ray absorption co-
incides with an increase in the UV flux (Fig. 1). Strong line
absorption affects the blue side of the C iv line profile in the
2016 HST/COS spectrum (Fig. 3), extending from the line center
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Fig. 1. Swift lightcurve of NGC 3783 from 17 May 2016 to 21 January
2017. The horizontal dotted lines in the two upper panels show the all-
time average Swift flux levels. The dashed black line in the bottom panel
indicates the average quiescent hardness ratio (HR) from unobscured
data. The dashed line in red is the HR limit for triggering, above which
significant obscuration was predicted according to our simulations. The
first and second XMM-Newton observations are indicated by vertical
dotted lines.
to ∼ −3200 km s−1, with additional shallow absorption features
present down to∼ −6200 km s−1. Blue-shifted broadUV line ab-
sorption is also detected in Lyα and N v in the new COS spectra
(Kriss et al. in prep).
For a description of our data reduction, we refer to Appendix
A in Mehdipour et al. (2015), which applies to the NGC 3783
data used here, with more details provided in our follow-up pa-
pers. The wavelength/energy bands used in our simultaneous X-
ray spectral modelling of the data are 7–37 Å for RGS, 1.5–
10 keV for EPIC-pn, and 10–80 keV for NuSTAR. The spec-
tral modelling is done using the SPEX package v3.03.01 (Kaas-
tra et al. 1996). We use C-statistics for spectral fitting with X-ray
spectra optimally binned according to Kaastra & Bleeker (2016).
Errors are reported at 1σ confidence level.
3. Modelling of the obscuring wind in NGC 3783
For photoionisation modelling of the WA and the new obscurer,
we determined the spectral energy distribution (SED) of the cen-
tral ionising source in NGC 3783. We applied a template SED
model that we reported in Mehdipour et al. (2015) for NGC 5548
to fit the NGC 3783 data and determine its SED. These Seyfert-1
AGN have a SED composition consisting of an optical/UV thin
disk component, an X-ray power-law continuum, a neutral X-
ray reflection component, and a warm Comptonisation compo-
nent for the soft X-ray excess. The exponential cut-off energy
of the power-law was set to 340 keV (De Rosa et al. 2002),
which is also consistent with the NuSTAR spectra. The Galac-
tic X-ray absorption is modelled using the hot model in SPEX,
with NH = 9.59 × 1020 cm−2 (Murphy et al. 1996). The red-
shift of NGC 3783 is set to 0.009730 (Theureau et al. 1998),
and all abundances are fixed to the proto-solar values of Lodders
et al. (2009). To correct for Galactic reddening, we used the ebv
model, with E(B − V) = 0.107 (Schlafly & Finkbeiner 2011). To
take into account the host galaxy optical/UV stellar emission, we
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Fig. 2. NGC 3783 spectra from XMM-Newton EPIC-pn and NuSTAR
(top panel), and XMM-Newton RGS (bottom panel). The displayed en-
ergy range for EPIC-pn is 0.3–10 keV and for NuSTAR 10–80 keV.
Fig. 3. NGC 3783 HST COS and STIS spectra near the C iv line. The
line transmission model for the new broad C iv absorption component
in 2016 is shown in the top panel. The displayed spectra are continuum
subtracted and then offset vertically by 2.5× 10−14 erg cm−2 s−1 Å−1 for
each epoch so that the weaker changes in the absorption are more visi-
ble. Narrow absorption lines in the blue wing are interstellar Si ii λ1526
and C iv λ1548, 1551.
used the galactic bulge model of Kinney et al. (1996), and nor-
malised it to the NGC 3783 host galaxy flux measured from HST
(Bentz et al. 2013). In the 12′′ diameter circular aperture of OM,
this is 7.04 × 10−15 erg cm−2 s−1 Å−1 (Bentz, priv. comm.).
Before modelling the new strong absorption by the obscurer
in the 2016 data, we first derived a model for the WA from
archival observations, where the WA absorption features are
clearly detectable in X-rays. Previous studies have found a WA
in NGC 3783 (Kaspi et al. 2002; Blustin et al. 2002; Behar et al.
2003; Scott et al. 2014).We utilised all archival data from XMM-
Newton (2000 and 2001) and Chandra HETGS (2000, 2001, and
2013) to produce a set of time-averaged spectra. The HETGS
spectra were obtained from TGCat (Huenemoerder et al. 2011).
For photoionisation and spectral modelling of the optically-thin
WA, we used the new pion model in SPEX (Mehdipour et al.
2016b). From modelling the NGC 3783 archival spectrum, we
find that the WA spans a wide range of ionisation, similar to
the distribution reported by Holczer et al. (2007) and Goosmann
et al. (2016). We fit the absorption by the WA with multiple
pion components, with outflow velocities ranging from 450 to
1200 km s−1. The narrow X-ray emission lines are also fitted
with the pion model at zero net velocity. The total NH of the
WA is derived to be about 4.0 × 1022 cm−2. More details about
this WA model will be reported by Mao et al. (in prep).
The 2016 data suggest that the photoionised emission from
the X-ray narrow line region is not absorbed by the obscurer.
This is evident from the clear presence of narrow emission lines
and radiative recombination edges in the RGS spectrum, such
as the O viii Lyα at 19 Å and O vii triplet lines at 22 Å (Fig. 2,
bottom panel). We make a reasonable assumption that the ob-
scurer in NGC 3783 is likely located interior to both the WA and
the X-ray narrow line region. Previous studies find the WA in
NGC 3783 to be at pc-scale distances from the black hole (e.g.
Behar et al. 2003; Gabel et al. 2005). From our photoionisation
modelling, we find that the ionisation state and turbulent veloc-
ity of both the WA and the X-ray narrow line region match each
other. These indicate that they are likely at similar distances from
the black hole, albeit there are modelling uncertainties associ-
ated with this interpretation. In our line of sight, the WA is ef-
fectively shielded from receiving some of the ionising radiation,
thus it becomes less ionised. This lower ionisation is directly ev-
idenced by the increased absorption in the narrow UV outflow
components in the 0 to −1500 km s−1 range of the COS spec-
tra in Fig. 3. For the WA of NGC 3783 with an electron density
of 3 × 104 cm−3 (Gabel et al. 2005), we find the recombination
timescale for relevant ions is . 1 day. This means during the
month-long obscuration event, the WA would be able to respond
to the change in the ionising SED caused by the obscuration.
Thus, we take into account the enhanced absorption by this de-
ionised WA. The WA model obtained from the unobscured data
is incorporated in our modelling of the new obscured data, with
only the ionisation parameter ξ (Krolik et al. 1981) of the WA
components self-consistently lowered by the obscuration.
Continuum absorption by the obscurer is too strong to leave
detectable absorption lines in soft X-rays. Therefore, to set the
velocity and ξ of the obscurer in our modelling, we use the broad
UV absorption lines of the obscurer seen in the COS spectrum.
The transmission model for the broad C iv line (Kriss et al. in
prep) is shown in Fig. 3, top panel. We use the weighted av-
erage velocity of the broad C iv absorption profile in our X-ray
spectral modelling (vout = −1900 km s−1 andσv = 1100 km s−1).
The ionisation balance of the obscurer is derived using the
Cloudy v13.04 photoionisation code (Ferland et al. 2013) for
an optically-thick medium, to match the UV lines in the COS
spectrum, with its X-ray absorption fitted using the xabs model
in SPEX. This is in order to produce the observed UV lines with-
out a massive neutral hydrogen front as there are no significant
detections of C ii and Si ii in the COS spectrum of NGC 3783.
We obtain a solution at log ξ = 1.84 for the obscurer.
To fit the 2016 obscured X-ray spectra we require two xabs
absorption components to reproduce the observed curvature of
the spectrum from soft to hard X-rays. The curvature seen in
2016 is not present in the archival spectra. The addition of the
first and second xabs components improve the fit significantly
with ∆C of about 4000 and 1000, respectively. Interestingly, we
find evidence for a strong high-ionisation component (HC) in the
2016 data (see Fig. 4). The Fe xxvi Lyα line (E0 = 6.966 keV),
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Fig. 4. Top panel: NGC 3783 EPIC-pn data fit residuals without ab-
sorption by a high-ionisation component (HC), showing new Fe xxv and
Fe xxvi absorption lines in the 2016 obscured epoch. Middle panel: Line
transmission of the blue-shifted HC Fe xxv and Fe xxvi absorption lines
(solid lines), shown with respect to the Fe Kα and Fe Kβ emission lines
and the continuum unaffected by the HC line absorption (dotted lines).
Bottom panel: EPIC-pn data and their best-fit model (dotted lines).
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Fig. 5. Continuum and line transmission of all the absorption compo-
nents in our line of sight towards the nucleus of NGC 3783. The solid
lines correspond to Obs. 1, and the dotted lines to Obs. 2.
blue-shifted by about −2300 km s−1, overlaps with the Fe Kβ
emission line (E0 = 7.020 keV). This Fe xxvi absorption of the
continuum causes the Fe Kβ emission line to vanish in 2016,
while it was present in the archival data (Fig. 4). The addition
of this HC component further improves the fit with ∆C of about
200. The X-ray transmission of all the absorption components
in our line of sight to NGC 3783 are shown in Fig. 5. The final
model fits the data well with C-stat / d.o.f. = 2288 / 1539 (Obs. 1)
and 2285 / 1542 (Obs. 2). We note that the remaining fit residuals
primarily belong to soft X-ray emission lines from the X-ray nar-
row line region. The modelling of these lines is independent of
the obscurer. The obscurer itself is effectively featureless in X-
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Fig. 6. Top panel: Best-fit model to each dataset of NGC 3783, and its
corresponding SEDmodel. The displayed X-ray data include absorption
by the Galaxy, the WA, and the obscurer. Bottom panel: Residuals of the
best-fit model.
rays (Fig. 5), detected only through continuum absorption and
the characteristic curvature in the broadband X-ray continuum.
The continuum is fitted well as there are no curvature residuals
in our best-fit model (Fig 6, bottom panel). The intrinsic photon
index Γ of the underlying X-ray power-law continuum is found
to be about 1.71 (Obs. 1) and 1.75 (Obs. 2). Our best-fit model
to the data, and the corresponding SEDs, are displayed in Fig. 6.
The best-fit parameters of the obscurer and the HC are given in
Table 1.
4. Discussion and conclusions
The strongly diminished soft X-rays and the appearance of new
spectral features in NGC 3783 can be explained by an obscur-
ing wind at the core of this AGN. The obscurer is found to con-
sist of two partially-covering absorption components, suggesting
the obscuring medium is inhomogeneous and clumpy. A similar
property was also found for the obscuring wind in NGC 5548
(Kaastra et al. 2014). However, in the case of NGC 5548, the
obscuration has been lasting for several years (Mehdipour et al.
2016a), while the one in NGC 3783 was a short-lived eclipsing
event, lasting for about a month (Fig. 1). Moreover, the obscurer
in NGC 3783 has a significantly higher ionisation parameter ξ
and lower covering fractionC f than the one in NGC 5548. These
differences can be explained if the obscurer in NGC 5548 is a
spatially extended stream of cool gas in our line of sight (Kaas-
tra et al. 2014), while the one in NGC 3783 is a hotter transient
cloud, which is localised closer to the central source.
NGC 3783 has previously displayed X-ray spectral harden-
ing in the archival Swift and RXTE data. There is a single ob-
scured Swift observation in 2009, and from RXTE Markowitz
et al. (2014) identify four eclipsing events. However, in 2016
we got the first opportunity to carry out a spectroscopic study
of the obscuration with XMM-Newton, HST, and NuSTAR. Since
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Table 1. Best-fit parameters of the two obscurer components and the
new high-ionisation component (HC) for Obs. 1 (11 Dec 2016) and Obs.
2 (21 Dec 2016).
Parameter Obs. Comp. 1 Comp. 2 HC
NH 1 1.5 ± 0.2 0.8 ± 0.2 1.6 ± 0.3
(1023 cm−2) 2 2.0 ± 0.2 0.3 ± 0.1 2.2 ± 0.5
C f
1 0.47 ± 0.10 0.51 ± 0.10 1 (f)
2 0.38 ± 0.03 0.48 ± 0.03 1 (f)
log ξ 1 1.84 (f) 1.84 (f) 3.61 ± 0.05
(erg cm s−1) 2 1.84 (f) 1.84 (f) 3.77 ± 0.07
vout (km s−1) 1, 2 −1900 (f) −1900 (f) −2300 (f)
σv (km s−1) 1, 2 1100 (f) 1100 (f) 2500 (f)
C-stat / d.o.f. = 2288 / 1539 (Obs. 1) and 2285 / 1542 (Obs. 2)
the obscurer is found to partially cover the central X-ray source,
we may assume it has a transverse size (d) comparable to that
of the X-ray source. The transverse velocity (vt) required by the
obscurer to eclipse the X-ray source is 2RX/t, where RX is the
radius of the X-ray corona and t is the duration of the obscura-
tion event (i.e. 32 days). We adopt a fiducial radius of 10Rg for
the X-ray corona, where the gravitational radius Rg = GM•/c2,
with G the gravitational constant, c the speed of light, and the
black hole mass M• = 2.98 × 107 M⊙ (Vestergaard & Peterson
2006). These yield d = 8.8 × 1013 cm and vt = 320 km s−1 for
the obscurer. The obscurer density nH ∼ NH/D, where NH =
2.3 × 1023 cm−2 (Table 1) and D is the length of the obscurer
in our line of sight. The length D is equal to the above trans-
verse size d assuming an obscuring cloud with a spherical ge-
ometry. This gives nH of about 2.6 × 109 cm−3, which is a typical
broad-line region (BLR) density (e.g. Baldwin et al. 1995). Fi-
nally, from the definition of the ionisation parameter ξ, we have
r =
√
L/ξ nH, where the ionising luminosity L over 1–1000 Ryd
is about 1.1 × 1044 erg s−1 and ξ = 101.84 erg cm s−1 from our
modelling. This yields a distance r ∼ 10 light days from the
black hole. For comparison, the radius of the BLR in NGC 3783
from reverberation mapping (Peterson et al. 2004) ranges from
about 1.4 (He ii) to 10.2 (Hβ) light days. The radius of the IR
torus is 250–357 light days (Beckert et al. 2008). Therefore, the
obscurer is likely located in the outer BLR.
Previous studies of NGC 3783 have found an outflowing
HC through the detection of a narrow Fe xxv Heα absorp-
tion line (e.g. Yaqoob et al. 2005). From our joint analysis
of the stacked archival HETGS and EPIC-pn data, we find
the component responsible for this narrow Fe xxv absorption
line has log ξ = 3.0 ± 0.1 and NH = 1.4 ± 0.1 × 1022 cm−2, with
v = −450 ± 50 km s−1 and σv = 100 km s−1. However, in the
2016 obscured data a more massive (2.3 × 1023 cm−2) and more
ionised HC is present, which is also faster and broader than the
archival HC (Table 1). Absorption by the Fe xxvi Lyα in the HC
causes the disappearance of the Fe Kβ emission line (Fig 4, mid-
dle panel). In both archival and obscured observations, the line
energy and flux of the Fe Kα line remain unchanged within er-
rors (about ±20 eV in line energy and ±10% in flux). Therefore,
according to the theoretical Fe K line calculations (Palmeri et al.
2003; Kallman et al. 2004), similar Fe Kβ emission line would
be expected in 2016, hence its disappearance cannot be due to a
change in the ionisation state of the line-emitting region. The ap-
pearance of the newHC in 2016 data of NGC 3783 is likely asso-
ciated with the obscurer. The increase in ξ between the two 2016
observations (Table 1) matches the observed change in the ion-
ising luminosity L of the source between the two observations,
varying from 1.0 to 1.2 × 1044 erg s−1. This enables us to put
limits on distance r of the HC from its recombination timescale
trec. From our photoionisation modelling, nH × trec for Fe xxvi is
derived. Since trec has to be shorter than the spacing between the
two observations (9.7 days), this can be used to put constraints
on nH and hence r. We find the HC has nH > 2.3 × 105 cm−3
and r < 120 light days. Thus, it may coexist spatially with the
obscurer at the outer BLR. Both the obscurer and the HC have
comparable velocities (Table 1).
The eclipsing obscurer in NGC 3783 is outflowing because it
produces blue-shifted and broad absorption lines. Since the ob-
scurer is found to be inhomogeneous and clumpy, and its loca-
tion matches the BLR, it is consistent with being in the base of a
radiatively-drivenwind at the BLR (Murray et al. 1995; Proga &
Kallman 2004; Proga et al. 2014). Similar X-ray eclipses found
in NGC 1365 and Mrk 766 have also been attributed to pas-
sage of BLR clouds in our line of sight to the X-ray source
(Risaliti et al. 2007, 2011). Similar to NGC 3783, an associa-
tion between obscuration and a HC is also found for the lumi-
nous quasar PDS 456 (Reeves et al. 2009; Nardini et al. 2015),
where a partially-covering Compton-thick absorber appears to-
gether with a highly-ionised relativistic disk wind. Interestingly,
the obscuring wind and the HC in this quasar are a more mas-
sive and faster version of the wind in the less luminous Seyfert-1
NGC 3783. We note that although Compton-thick obscuration is
associated to outflows in PDS 456, not all Compton-thick ob-
scurations in AGN may necessarily be related to outflows in
general. Determining the origin of X-ray obscuration in nearby
type-I galaxies provides key observational evidence for under-
standing the launching mechanisms of outflows in more pow-
erful quasars at higher redshifts, which due to their faint signal
cannot be studied with current X-ray observatories. Such winds,
with significantly high outflow velocities and mass outflow rates,
can play an important role in AGN feedback. The ToO multi-
wavelength spectroscopy of X-ray eclipses, like performed here
on NGC 3783 using XMM-Newton, NuSTAR, and HST COS, is
an effective way to determine the physical link between the ac-
cretion disk, BLR, and outflows in AGN.
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Appendix A: Observation logs
Table A.1. Log of the triggered XMM-Newton, NuSTAR, and HST COS
ToO observations of NGC 3783 using our weekly Swift monitoring in
2016.
Observatory Obs. ID Start time (UTC) Length
XMM-Newton 0780860901 2016-12-11 09:15 109.9 ks
XMM-Newton 0780861001 2016-12-21 08:36 55.5 ks
NuSTAR 80202006002 2016-12-11 21:55 56.4 ks
NuSTAR 80202006004 2016-12-21 10:40 45.6 ks
HST COS LD3E03 2016-12-12 11:58 2 orbits
HST COS LD3E04 2016-12-21 14:23 2 orbits
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